Sexual violence is pervasive in eastern Democratic Republic of Congo (DRC). Survivors of sexual violence encounter numerous challenges, and women with a sexual violence-related pregnancy (SVRP) face even more complex sequelae. Because of the stigma associated with SVRP, there is no conventional sampling frame and, therefore, a paucity of research on SVRP outcomes. Respondent-driven sampling (RDS), used to study this "hidden" population, uses a peer recruitment sampling system that maintains strict participant privacy and controls and tracks recruitment. If RDS assumptions are met and the sample attains equilibrium, sample weights to correct for biases associated with traditional chain referral sampling can be calculated. Questionnaires were administered to female participants who were raising a child from a SVRP and/or who terminated a SVRP. A total of 852 participants were recruited from October 9, 2012, to November 7, 2012. There was rapid recruitment, and there were long referral chains. The majority of the variables reached equilibrium; thus, trends established in the sample population reflected the target population's trends. To our knowledge, this is the first study to use RDS to study outcomes of sexual violence. RDS was successfully applied to this population and context and should be considered as a sampling methodology in future sexual violence research.
Equilibrium is the point at which the sample characteristics no longer significantly change, regardless of how many additional people are recruited. Additionally, at equilibrium, the sample composition is independent of the seeds' characteristics (4) (5) (6) (7) .
Analyses of the resulting recruitment chains and the distribution of individual network sizes enable researchers to correct for biases introduced by the chain referral process, particularly network size differences and homophily. Differences in network size can lead to over-recruitment or under-recruitment, (i.e., individuals with larger network sizes are more likely to recruit by virtue of having more contacts). When combined with homophily-the tendency of participants to associate disproportionately with others who share similar characteristics to their own-this over-or under-recruitment becomes exaggerated, leading to a sample biased toward groups with higher network sizes and stronger affiliations (4) (5) (6) 8) .
Researchers can estimate this disproportionate recruitment by examining network size, between-group recruitment rates, and the sample's proportions of key variables at equilibrium. Researchers can subsequently calculate population weights that correct for this unintended over-or under-recruitment of particular groups (4) (5) (6) (8) (9) (10) (11) . Provided the sampling process reaches equilibrium, these corrections can reduce the biases associated with chain referral sampling, producing estimates that likely reflect the trends occurring in the overall target population (4) (5) (6) (7) (8) (9) .
RDS must meet several assumptions to be an appropriate and effective sampling methodology. The population being recruited must be able to identify one another as members of the target population and be sufficiently "networked." Furthermore, the sample size must be small in comparison to the overall size of the target population (6, 8, 9, 12) . Our formative research indicated that sexual violence survivors in eastern DRC know other survivors and are socially networked in an estimated large target population pool. Additional RDS assumptions, further assessed during posthoc analysis, include the following: respondents accurately report their personal network size, recruitment is a random selection from the recruiter's network, and recruitment follows a reciprocity model (i.e., the recruit could have been the recruiter) (5, 8) .
Offering distinct advantages over more traditional convenience sampling and chain referral sampling methods, RDS has been used previously to study behaviors and disease prevalence among intravenous drug users, men who have sex with men, and sex workers (13) (14) (15) (16) (17) (18) (19) (20) (21) (22) (23) . Additionally, RDS has been used to study mental health and human rights abuses in diverse populations (24) (25) (26) (27) (28) (29) (30) (31) .
Despite its widespread use, to our knowledge, RDS has not been used previously to examine outcomes of sexual violence survivors or SVRP. Although the overall goal of this study was to use RDS to investigate outcomes of SVRP in eastern DRC, the study described herein addresses the feasibility and success of applying RDS methodology to this context and population.
METHODS

Participant selection
Our study was conducted in Bukavu, DRC, from October 9, 2012, to November 7, 2012 . The study assessed women with a SVRP, focusing on the following 2 subgroups: 1) women currently raising a child from a SVRP (the "parenting" group) and 2) women who terminated a SVRP (the "termination" group). All participants were recruited via a peer selection process that did not distinguish between subgroups. Additionally, the subgroups were not mutually exclusive, and a given participant may have been eligible for 1 or both groups. Local partner organizations recruited a total of 18 seeds: 8 for the parenting group, 8 for the termination group, and 2 who met the criteria for both groups.
Upon successful completion of the survey, each seed received 3 coupons to recruit peers who had also experienced a SVRP. Each coupon included an expiration date, unique coupon code, study office address, hours of operation, and the project manager's telephone number. Recruits interested in enrolling presented to the study office. After survey completion, each recruit received 3 coupons, and the recruitment process continued. Ineligible recruits did not participate in the survey and were not given coupons. The number of coupons distributed and the duration of validity were systematically reduced as the desired sample size was approached (32) .
Inclusion and exclusion criteria
Participants were eligible for either group if they selfidentified as being survivors of sexual violence since the start of the war (in 1996) in eastern DRC, became pregnant as a result of sexual violence, were 18 years of age or older, and were able to provide informed consent. The parenting group comprised participants who had conceived a SVRP, had delivered a liveborn infant, and currently lived with and cared for the child. Participants were excluded from the parenting group if the pregnancy had resulted in a stillborn infant, if the child had since died, or if the child was not currently living with or cared for by the participant. The termination group comprised participants who had conceived a SVRP and had intentionally terminated the pregnancy. Participants were excluded if the pregnancy ended because of a spontaneous abortion.
Sample size
To calculate sample size, we estimated the prevalence of mental health problems among survivors of sexual violence to be approximately 50% among women with children born of sexual violence and higher or lower (30% or 70%) among women who had terminated a SVRP (1). The increased variance of RDS-generated estimates requires a larger sample to reach the same level of precision as simple random sampling. A design effect of 2 has been recommended for RDS studies, suggesting that RDS requires a sample size that is twice as large as needed in simple random sampling (33) . With a 5% margin of error and a design effect of 2, the desired sample sizes were 754 for the parenting group and 636 for the termination group (32) . similar questions on demographic characteristics, obstetrical and gynecological history, sexual violence history, and mental health. The parenting group questionnaire also included questions on parenting, stigma, and acceptance. The termination group questionnaire included additional questions on the method of pregnancy termination, as well as the medical and legal consequences.
A participant's network size and relationship to the recruiter were determined through a series of questions. The number of people known to the participant who experienced a SVRP since 1996 and who were either raising the child or who had terminated the pregnancy was established. Additionally, the potential recruit had to meet the following criteria: seen by the participant in the last month, 18 years or older, and living in eastern DRC.
All instruments were written in English, translated into Kiswahili by a university-educated Congolese translator, and subsequently translated back into English by a second translator. A panel consisting of a third interpreter resolved any discrepancies. The questionnaires, refined through cognitive interviewing in April 2012, were pilot tested in August 2012. All interviewers underwent comprehensive 6-day training on research ethics, RDS methodology, electronic data entry, and standardized interviewing prior to the initiation of data collection.
Procedure
Upon presentation to the study office, participants had their coupons checked for validity and were asked a series of discrete screening and eligibility questions that did not directly reveal the study's inclusion criteria. Verbal informed consent was obtained in a private setting. Trained female Congolese interviewers verbally administered questionnaires in Kiswahili. All participants received a referral card for medical care and/or mental health counseling. With the exception of the 95 surveys recorded on paper because of software programming delays during study commencement, the majority of the quantitative data was recorded on handheld devices equipped with the electronic data collection tool, KoBoToolbox (http://www.kobotoolbox.org).
Incentive
Each participant who completed the study received a headscarf (valued at $1) as a primary incentive. This incentive was chosen in collaboration with local partnering organizations. Transportation reimbursement was provided on the basis of the distance to the participant's home and was reimbursed directly to the driver up to $4. Because of financial constraints and transportation difficulties, the study offered only a primary incentive.
Ethical approval
Ethical approval was obtained from the authors' affiliated university's institutional review board, and a community advisory board in Bukavu provided study oversight (in the absence of a local institutional review board). Permission to conduct the study was also obtained from the Medical Inspector and the Minister of Health in South Kivu Province, DRC. Participants who were distressed or who requested counseling during the interview were offered counseling services onsite by trained psychosocial counselors. No identifying information was collected.
Data analysis
Questionnaires were exported from the handheld devices onto the study laptop in the form of a .csv database file at the end of each day. The study laptop and all handheld devices were password protected, and all data were maintained in encrypted files. The aggregate .csv database was imported into Microsoft Excel software (Microsoft Corp., Redmond, Washington). The initial paper surveys were later entered into the electronic database, and every tenth paper survey was checked to ensure accurate electronic entry without any discrepancies identified.
The data were analyzed by the multiplicity estimator of the RDS Analysis Tool, RDSAT (10) . The following potentially biasing variables were analyzed: age, ethnicity, place of origin, current residency, marital status, religion, educational level, number of meals per day, and parenting/termination group (met criteria for the parenting vs. termination group).
RDSAT calculates individual network sizes and homophily for each variable (10, 34). Homophily, expressed as H, is measured with values ranging from +1 to −1. The value of +1 indicates the highest possible in-group association preference; 0 indicates no recruitment preference; and −1 indicates the highest preference to associate outside the group. Homophily levels of H < −0.3 and H > 0.3 were used for the identification of significant biases, as is conventional in RDS analysis (4, 5) . A 2-tailed confidence interval was set at 2.5% for a 95% confidence level.
Additionally, RDSAT calculates sample population proportions for each variable, as well as population weights. To compensate for bias favoring the overrepresentation of highly networked respondents and significant homophily, RDSAT weights the sample by mathematically projecting what the sample composition would have been had all groups recruited with equal effectiveness, resulting in estimated population proportions (5, 6, (8) (9) (10) 34) . Potential biases were identified by comparing the sample population proportions with the estimated population proportions.
RESULTS
A total of 852 participants, including seeds, were surveyed. There were 2 surveys unaccounted for in the field, resulting in 850 participants with completed surveys. Of the 18 purposively selected seeds, 6 did not recruit any participants. Among the remaining 12 seeds, 8 referral chains (66.7%) had a length of 5 or more recruitment waves, with a maximum length of 10 waves. The mean number of waves for all chains was 6.3 (Table 1) . Recruitment chains are shown in Figure 1 .
From the 12 seeds, 832 peers were recruited to the study. Including seeds, a total of 764 participants qualified for the parenting group, 83 qualified for the termination group, and 3 qualified for both surveys. Among those qualifying for the study, there was 100% participant enrollment. Approximately 46.7% (n = 397) of respondents did not recruit any participants, whereas 53.3% (n = 453) made at least 1 referral. Among those who recruited, 38.6% had a single recruit, 39.1% had 2 recruits, and 22.3% had 3 recruits. There was an increase in the number of recruits by wave, with more than half of recruitments (57.9%) coming after the fifth wave (Table 2) .
On average, respondents reported knowing 4 eligible participants in their social networks. Analysis of the recruiter and recruit's relationship revealed that most recruits considered their recruiters to be close friends (95.5%), with the remaining 4.5% composed of family, not close friends, and strangers. The other descriptors, including their level of closeness, frequency of contact, and how long they have known each other, demonstrated substantial variability (Table 3) .
Only 770 participants were included in the sample used for RDS analysis because of 2 data collection challenges. First, in an attempt to meet the sample size goal, the recruitment rules during week 4 of data collection were intentionally changed to focus solely on termination group enrollment. Second, security concerns abruptly ceased recruitment in week 4, interrupting the planned coupon phase-out. As a result, only those participants enrolled prior to these recruitment disruptions were used for analysis.
Additionally, because some initial paper surveys had incomplete data, only those surveys that contained complete data for both the recruiter and the recruit for each variable were included in analysis. Thus, all variables have totals less than 770. RDS analysis demonstrated the estimated versus sample population proportions for each variable, as well as the population weights (Table 4 ). The variables of age, number of meals per day, and educational level did not influence recruitment patterns. In contrast, ethnicity, marital status, current residency, religion, parenting/termination group, and place of origin introduced sampling bias.
With regard to ethnicity, Bashi, the major ethnic group of the region, demonstrated in-group recruiting tendency, with a homophily level of H = 0.34. For the variable of parenting/ termination group, although there was evidence of crossrecruitment between the 2 study groups, there was significant homophily within each group (for the parenting group, H = 0.424; for the termination group, H = 0.342). Within the placeof-origin variable, although most subgroups demonstrated low homophily, the Shabunda subgroup had significant in-group preference (H = 0.39). Furthermore, place of origin was the only variable for which there was a direct correlation between the number of seeds in each category and the number of recruits in each category. This relationship could indicate an influence of the selection of seeds on the final sample characteristics.
Although current residency, religion, and marital status did not have significant levels of homophily, weighting is recommended for these variables in future analysis. Because the estimated population proportions were given as ranges with 5% confidence intervals, those variables whose sample population proportions required an adjustment to the estimated midpoint that approached this 5% confidence interval were conservatively identified as a possible source of bias. The variables of current residency and religion required this adjustment. For the variable of marital status, the never married subgroup demonstrated oversampling compared with the estimated population proportion and, therefore, will need to be weighted in future analysis.
To explore whether the RDS sample achieved equilibrium across each variable, we graphed population proportions adjusted by the RDS multiplicity estimator for each study date (Web Figure 1 , available at http://aje.oxfordjournals.org/). From these graphs, it appears that the sample reached equilibrium with respect to the variables of age, ethnicity, current residency, religion, number of meals per day, and parenting/ termination group. The variables of marital status and educational level appear to have been reaching stabilization but would have required additional waves for us to be confident thatequilibriumhadbeenreached.Theplace-of-originvariable is the only variable that did not reach equilibrium.
DISCUSSION
To our knowledge, this is the first time RDS has been used to assess outcomes among sexual violence survivors as a "hidden" population. As a sampling and recruitment method, RDS offers a number of advantages over conventional sampling methods; RDS techniques allow researchers to maintain strict participant privacy, allow eligible participants to self-recruit, and provide means to control and track recruitment. Importantly, for a target population for which no conventional sampling frame is available, RDS statistically creates the best approximation to an equilibrium sample for which biases may be estimated and subsequent corrections introduced (4, 5, 13) .
For RDS peer recruitment to be successful, participants must be socially networked with other potential participants who meet criteria for inclusion in the target population. The social networking of populations for whom RDS has traditionally been applied is more apparent by virtue of their shared characteristics. Although our formative research for this study indicated that sexual violence survivors in Bukavu were socially networked, the degree to which they were Abbreviations: CI, confidence interval; SE, standard error. a Only variable data that are complete for both the recruiter and recruit were used in respondent-driven sampling analysis. b Homophily is the tendency of participants to associate disproportionately with others who share similar characteristics to their own. c The "parenting" group consists of women who had conceived a sexual violence-related pregnancy and were currently raising the child. The "termination" group consists of women who had intentionally terminated a sexual violence-related pregnancy.
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Am J Epidemiol. 2014;180(5):536-544 networked was unknown. In this study, sexual violence survivors were found to be exceptionally well networked, as demonstrated by the large number of peer-to-peer recruitments in a relatively short time frame (Table 2) . Sexual violence in eastern DRC has a number of unique characteristics that likely contributed to the successful application of RDS in this context. First, sexual violence is pervasive in eastern DRC, and this permitted recruitment of a large sample. Second, sexual violence in eastern DRC often occurs in public, when groups of women are attacked in their villages or abducted by armed combatants (2, 35) . The visible nature of the sexual violence often results in survivors knowing other survivors who were assaulted and/or abducted at the same time. Thus, the social network is not solely dependent on survivors disclosing the assault to others.
As predicted, recruitment was more difficult for the termination group, likely because of social stigma, the illegality of abortion in DRC, and the smaller personal network sizes of termination group participants. Given this difficulty, the recruitment rules during week 4 were intentionally modified to reach the sample size goal. This increased the number of recruits in the final termination group more than would have been predicted by the recruitment rate prior to this change. To mitigate the effect of this recruitment shift on analysis (because it may have affected the data in immeasurable ways) only data prior to this change were used in RDS analysis.
Local partners ensured that the selection of seeds was diverse and that each seed had large personal networks within the target population. Most seeds exhibited long referral chains, indicating deep penetration into the target population (Table 1 ). There were 6 seeds who did not recruit any participants. Of these 6 seeds, 4 qualified for the inherently difficult-to-recruit termination group, which likely contributed to this recruitment challenge.
Despite the rapidity of recruitment, the study exhibited a low ratio of respondents making at least 1 referral (53.3%). Because no follow-up interviews were conducted with recruiters, it is impossible to elucidate the definitive amount and cause of nonresponse. The cause is likely multifactorial in nature. First, deviating from traditional RDS methodology, the study did not offer a secondary incentive. However, even though this reduced the social incentive to recruit, there was still a fast rate of recruitment and a large number of peer-to-peer recruitments. Second, because of security concerns, the study was stopped early, preventing proper coupon phase-out. Because participants who received coupons during the last 2 weeks of the study may not have had an opportunity to recruit, this likely contributed substantially to the low ratio of respondents. Furthermore, the intentional termination group recruitment shift, as well as the challenging recruitment of the termination group in general, may have affected this ratio. The effect of nonresponse on the data is unclear, but it may have delayed obtaining sufficient referral depth and sample size to reach equilibrium.
Although 6 of the 9 variables were identified as causing a sampling bias, the majority of the variables stabilized during the recruitment process (Table 4 , Web Figure 1) . Most of the recruitments occurred after the fifth wave and, as dictated by the Markov chain model, these long referral chains contribute to a sample population reaching equilibrium (Table 2) (7). Further analysis confirmed that the majority of the variables reached sampling equilibrium. As a result, each of the biasing variables that reached equilibrium can be corrected for in future statistical analysis by weighting the sample with the estimated population proportions to produce unbiased statistics (5, 9) . As noted, the place-of-origin variable continued to change and, thus, did not reach equilibrium (Web Figure 1) .
A number of limitations exist in this study. First, a secondary incentive was not offered, limiting the evaluation of nonresponse. Second, in week 4, the study coupons were not properly phased out, and the recruitment rules were modified to increase enrollment in the termination group. Because of these study protocol deviations, analysis was restricted to participants who enrolled prior to week 4. This may have limited the chain referral depth and possible attainment of equilibrium for certain variables. In addition to including only surveys with complete variable information for both the recruiter and recruit, this resulted in fewer data points analyzed. Fourth, because of the lack of a conventional sampling frame, the actual population parameters are unknown. Thus, sample population proportions could not be compared with actual population proportions. The estimated population proportion was substituted, although its accuracy is unknown. Fifth, estimating design effects is difficult and controversial (36, 37) . Although analysis revealed low levels of homophily, substantiating the use of a design effect of 2, it cannot be definitively calculated (33) . Finally, it is important to note that although potentially biasing variables were identified and analyzed in this study, other variables may exist that were not controlled for in data analysis.
RDS methodology has limitations when applied to studying sexual violence survivors. RDS evaluates only those individuals who are socially networked and clearly identifiable as members of the target population. Acts of sexual violence that were private and never disclosed may not have been captured in this study. Case reports indicate that stigma from the family can manifest into conspicuous actions against the mother and the child, identifying them as sexual violence survivors (38) . This may allow capture of those private cases. Nevertheless, it is unlikely that this subgroup was adequately represented, and conclusions from this study cannot be generalized to this subgroup.
The remaining RDS assumptions were assessed during posthoc analysis. RDS assumes that respondents can accurately report their network sizes. Inaccuracies in self-reported network sizes can lead to bias in the prevalence estimates (9) . In an effort to mitigate self-report error, the survey's network size question incorporated multiple components, including temporal and geographical restrictions. Although this multipart question has demonstrated effectiveness in past RDS studies, it is difficult to assess the actual reduction in selfreport error (8) .
Reciprocity in recruitment was evaluated by determining the relationship between the recruiter and recruit to see if such reciprocity could exist (5). The assumption was validated in this study, because only 0.7% of respondents reported being recruited by a stranger. Finally, RDS assumes there is random selection in the recruiter's network (5) . This is difficult to delineate decisively in any RDS study and, thus, it remains a weakness in the methodology. In this study, there was substantial variation between the recruiter and recruit's relationship (Table 3 ). This variation is encouraging because it may suggest random sampling within the recruiters' networks, but this cannot be definitively concluded.
In conclusion, RDS was successfully applied to assess outcomes of SVRP among sexual violence survivors in eastern DRC. There was fast recruitment, long referral chains, and convergence to equilibrium in the majority of variables. Six of the 9 variables require weighting in further statistical analysis. Excluding the place-of-origin variable, the final sample, with statistical correction, demonstrated heterogeneity of the target population and independence from the biases inherent in the initial convenience sample. As such, conclusions deduced from the sample population will reflect trends occurring in the overall target population. Offering a number of advantages over traditional sampling methods, RDS should be considered as a sampling methodology in future studies of sexual violence.
